In this paper, we emphasize the role of endophytic bacterial strains viz. Bacillus subtilis, two strains of Pseudomonas sp. in mitigating drought and salinity stress in tomato plants. Uninoculated or control plants showed arrested growth; while endophytic bacteria inoculated plants had appreciably higher plant biomass and chlorophyll contents under draught and salinity stress. The improving effects of endophytic bacterial inoculation were also substantiated by the augmented water potential and diminished electrolytic leak. Endophytic bacterial treated plants had copiously present K + and P + ions while less Na + ion concentration in contrast to uninoculated under stress. The oxidative stress was reduced by endophytes through lessened activities of total polyphenol and enzymes catalase, peroxidase, polyphenol oxidase, as compared to the uninoculated plants. Uninoculated plants exhibited up-regulation of stress-responsive abscisic acid as compared to endophyte treated plants, while salicylic acid (SA) and gibberellin 4 were considerably higher in endophytic treated plants. In inference, application of endophytic bacterial strains may be used in relegated agricultural lands to upsurge crop sustainability and productivity.
Introduction
The plant endophytic microbiome have been described as microbes that inhabit interior plant tissues without initiating or causing obvious or apparent harm to host (Petrini 1991) . It is presumed that, the relationship between bacterial endophytes and plants developed early during the process of evolution (Saikkonen et al. 2004; Zhao and Qi 2008; Kawaguchi and Minamisawa 2010; Asaf et al. 2017) . It may be possible that this type of relationship or association do happens in all the plant species (Rosenblueth and Martínez-Romero 2006) . In this symbiotic synergism, the host delivers various protective places for an endophyte, and on the other hand, the endophytic microbe usually provides to its host the beneficial secondary metabolites and may produce nitrogenous compounds (Gary 2003; Rosenblueth and Martínez-Romero 2006) . The presence of beneficial endophytes also helps in uptake and transport of macro as well as micro nutrients to its host plant (Ramos et al. 2011) . The beneficial effect of potential endophytic microbes also leads to enhanced plant growth, more yield and better biomass development (Compant et al. 2005a; Hardoim et al. 2008 ). The promising endophytes also induce systemic resistance against plant pathogens (Sturz and Matheson 1996; Nagarajkumar et al. 2004; Padgham et al. 2005 ) and also resistance against harmful insects (Azevedo et al. 2000) . There are reports showing that the endophytes also provide increased resistance against various abiotic stresses, including osmotic stress (Sziderics et al. 2007 ), heavy metals (Rajkumar et al. 2009 ), polluted and spoiled chemicals (Siciliano et al. 2001) , and many other abiotic issues. Endophytic microbes and plant interactions have also been shown to induce significant influences on the uprightness, functioning and sustainability of agroecosystems (Barac et al. 2004; Nagarajkumar et al. 2004; Teotia et al. 2017) .
The agricultural crops are prone to countless abiotic and biotic stresses. The abiotic stresses comprise of temperature variations, drought, salinity, flood, air pollution, dust, ultraviolet radiations, and heavy metals. These all abiotic 1 3 factors individually or in combination lead to yield reduction of crops. Depending upon the crop types and duration of stress, the yield loss can reach up to 50-82%, (Bita and Gerats 2013; Shah et al. 2017) . The increased rate of soil salinity, in several semiarid and arid zones all around the globe, has severely limited crop yields. Among all abiotic stresses, drought and salinity are considered as the common abiotic stresses, which severely affect the plant development and yield production. It is projected that the worldwide area of about 7.6 million km 2 could face a great threat of worsening in terms of soil health owing to changing environmental influences (Christensen et al. 2007) . Likewise, it is anticipated that till 2050, the total cultivable area distressed by water scarcity will upsurge up to two fold and resources of water will drop by 30% (Falkenmark 2013) .
Existence of crop plant under hostile environmental conditions bank upon the combination of abiotic stresses adaptive structural and metabolic variations into endogenous developmental programs. Common abiotic issues, specifically the salinity and drought are noteworthy plant stressors influencing plant development and productivity and therefore, cause grave agrarian loss in crop yields (Godfray et al. 2010; Tester and Langridge 2010; Sinha et al. 2015) . The multifaceted governing processes of plant osmotic stress and salinity adaptation is a complex process which involves the regulation of cells osmotic and water flux fine-tuned through biological synthesis of osmo-protectants (Flowers 2004; Ashraf and Akram 2009; Agarwal et al. 2013) . Unbalanced salinity stimulates ionic inequalities in plant cell and results in production of reactive oxygen species (ROS) for instance H 2 O 2 , superoxide anion, OH − radicals, etc., which might overpower the normal cell functions (Manai and Gouia 2014) . The imbalance of cellular ion homeostasis induced by salinity is usually managed with controlled ion inflow and outflow at the surface of plasma membrane (Byrt et al. 2018) . Considerably, salinity and drought have foremost unfavorable influences on the plant cell energy supply and oxidation reduction regulation that are governed by prime metabolites and transformed architecture of cells (Miller et al. 2010; Zhu et al. 2010) .
Under such stressful conditions, to rescue the plant growth, several plant growth promoting endophytes (PGPE) are well recognized to play an indispensable role in plant growth promotion and metabolism. Survival and proliferation of potential soil microbiomes are influenced by a range of ecological issues as well as host plant age and species related factors. In the last two decades, numerous PGPE microbes have been recognized to play a significant role in enhancing plant growth. These PGPE colonize the roots of dicots and monocots, and increase growth of plant by indirect and direct methods. Production of phytohormones and other signals by PGPE lead to root system modification, which results in improved lateral branching of roots and novel root hairs development. PGPE also moderate the root function, increased nutrition of plant and manipulate the entire plant physiology ).
The use of PGPE as bioinoculants or abiotic stress busters for crop production has been of interest since long Santoyo et al. 2015) . Still very few endophytic bacterial strains have been described to condone such advantageous and valuable effects. The aim of the present investigation was to assess the role of PGPE strains namely Bacillus subtilis VK9, Pseudomonas sp. MK4, and Pseudomonas sp. MK123 to mitigate drought and salinity stimulated abiotic stresses on tomato plants.
Materials and methods

Bacterial strains
Endophytic bacterial strains were isolated from nagphani (Opuntia ficus-indica) plants collected from outskirts of Jaisalmer sand dune area and nearby desert area, Rajasthan, India, as described by Rathi et al. (2018) . Out of 177 bacterial strains 49 were selected on the basis of maximum osmotolerance and salinity (Rathi et al. 2018 ) and finally three endophytes (one Bacillus, two Pseudomonas sp.) were selected for further studies on the basis of plant growth promoting abilities such as, phosphate solubilization (Chen et al. 2006) , siderophore production (Schwyn and Neilands 1987) , ACC deaminase activity (Jalili et al. 2009 ), indole acetic acid (IAA) production (Tang and Bonner 1974) . The three endophytic bacteria were identified on the basis of morphological and biochemical characterization.
Treatments
Experimental design consisted of six sets with tomato (L. esculentum L); (1) endophytic bacterial interactions; (2) non-endophytic bacterial interactions; (3) endophytic bacterial interactions and salinity (sodium chloride-NaCl); (4) non-endophytic bacterial interactions and salinity; (5) endophytic bacterial interactions and drought (polyethylene glycol-15% PEG) and (6) non-endophytic bacterial interactions and drought. B. subtilis BS9, Pseudomonas sp. P4, Pseudomonas sp. P123 were assessed for their potential role to mitigate the drought and salt stress. Tomato seeds were surface sterilized with 2% perchloric acid, followed by 6 washings with sterile distilled water and germinated in autoclaved pots. Tomato plants were grown in green house (28 ± 2 °C) for 3 weeks (30 plants per treatment) and were irrigated with distilled water or salt solution or polyethylene glycol solution.
Seven days old tomato seedlings were inoculated with 5 mL of individual endophytic culture broth. Tomato seedlings were sown in soil substrate comprised of perlite (8-10%), peat moss (15-20%), and coco peat (60-70%), with macro nutrients present as: NO 3 ~ 0.205 mg g (Youssef et al. 2016) . After 21 days, salinity and drought stress was applied for 7 days uninterrupted. Sodium chloride solution (1500 mL for 7 days) was applied for high salt stress generation (120 mM). Likewise, osmotic stress was inducted by subjecting plants to PEG (15% PEG solution; 1500 mL solution for 7 days). Plant growth parameters, such as, fresh and dry shoot weights, shoot length and the chlorophyll contents of fully grown green leaves was analyzed using chlorophyll meter (SPAD 502plus). Plant dry weights were measured after oven drying at 72 °C for 96 h.
Leaf electrolytic leakage measurement
Electrolytic leakage (EL) was measured by the method of Gonzalez and Gonzalez-Vilar (2003) . For determination of EL, fresh and green leaf samples (200 mg) were finely cut into 5 mm size and put in test tubes having 10 mL sterile deionized distilled water. The test tubes were covered with plastic caps, placed at 32 °C in water bath. After incubating for 2 h, electrical conductivity of the medium (ECI) was calculated by electrical conductivity meter. Thereafter, the samples were autoclaved at 121 °C for 15 min to fully destroy the plant tissues for releasing the electrolytes. Plant samples were then cooled to room temperature and final electrical conductivity (ECF) was determined. Electrolytic leakage was estimated using the formula: EL = ECI/ECF × 100.
Leaf water potential determination
The relative water content (RWC) of leaves was measured as described by Gonzalez and Gonzalez-Vilar (2003) . Fresh leaves were plucked from the stem and instantly weighed (fresh mass, FM). To determine the leaf turgid mass (TM), leaves were floated in distilled water in a covered petri plate. During the period of imbibition, periodically leaves were weighed after gently wiping off the water from the leaf surface with tissue paper. At the end of the imbibition period, to obtain the dry mass (DM), leaves were placed in an oven at 70 °C for 48 h. The values of fresh mass, turgid mass and dry mass were used to compute leaf RWC using the equation:
Determination of other major biomolecules
The total polyphenol contents were measured by the Folin-Ciocalteau method as described by Kaur and Kapoor (2002) . Endogenous Gibberellin (GA4) analysis was done as described by Nojiri et al. (1993) , endogenous abscisic acid (ABA) quantification was performed as per the method described by Qi et al. (1998) , salicylic acid (SA) was measured as described by Seskar et al. (1998) . Protein extraction was also performed. To extract the plant proteins, aerial tissues (100 mg) were homogenized in 50 mM Tris-hydrochloride buffer (pH 7.0) containing 3 mM MgCl 2 , 1 mM EDTA, and 1.0% poly vinyl pyrrolidone and thereafter centrifuged at 6000 rpm at 4 °C for 15 min; the supernatant isolated was used for further biochemical analysis. All parameters studied were expressed as activity per mg protein. The catalase (CAT) activity was evaluated according to the method of Aebi (1984) . Peroxidase (POD) and polyphenoloxidase (PPO) activities were measured according to the method of Troiani et al. (2003) . Sodium (Na), potassium (K) and phosphorus (P) content of leaves were determined by using Inductively Coupled Plasma (ICP).
Statistical analysis
To recognize the effect of PGPE, microbial application on tomato plants in all experimental sets was performed using completely randomized block design (CRBD). Each experiment (growth parameters, EL, RWC, SA and ABA) was repeated thrice (except GAs). Differences among the mean values of various parameters were carried out using Duncan's multiple range tests (DMRTs) at P < 0.05.
Results
The three bacterial strains namely B. subtilis VK9, Pseudomonas sp. MK4, and Pseudomonas sp. MK123 were selected on the basis of osmotolerance, salinity and plant growth promoting abilities. The data of plant growth promoting characters of endophytes have not been mentioned due to brevity.
The influence of endophyte inoculation on the tomato plant growth promotion and its associated characteristics was evaluated under drought and salinity stresses. The results demonstrated that the inoculation of endophytes (B. subtilis BS9, Pseudomonas sp. P4 and Pseudomonas sp. P123) considerably increased the chlorophyll content, shoot and root growth by mitigating the stresses (Table 1 ), compared to control plants. The inoculation of all the three PGPE exhibited a similar pattern of shoot growth under both normal and salinity stressed conditions as shown in Fig. 1 . The shoot length was 23.15, 26.91 and 28.87% higher when plants were treated with BS9, P4 and P123, respectively, compared to the uninoculated or control conditions. Under salinity stress, the shoot growth was 13.18, 15.20 and 18.08% higher in plants treated with BS9, P4 and P123 inoculations, respectively, as compared to the control (Fig. 1 ). Among the three tested PGPE the growth promoting effect of Pseudomonas sp. P123 was more significant compared to the other two inoculants.
To induce drought stress, the tomato plants were exposed to 15 polyethylene glycol (PEG). Inoculation of PGPE helped the tomato plants in ameliorating drought stress and resulted in enhanced plant height and development. Under drought stress, the shoot growth was 12.44, 10.29 and 15.53% more in BS9, P4 and P123 treatments respectively, in comparison to control. Similarly the PGPE inoculated tomato plants exhibited higher root fresh and dry weight compared to the control (Fig. 2) . In all the experiments, Pseudomonas sp. P123 performed better as compared to other two strains.
Plant leaf water potential
The salinity exposure also influences the plant water potential greatly. Uninoculated control plants had considerably lower leaf water potential as compared to PGPE inoculated tomato plants. The relative water content of plants was 32.5, 16.12 and 19.35% higher in BS9, P4 and P123 inoculated plants respectively, compared to the control. On the other hand, this outcome was more prominent in control (uninoculated) plants under the salinity stress. After inclusion of drought and salinity stress, the uninoculated control plants exhibited deficit in water potential as compared to BS9, P4 and P123 inoculated tomato plants. The PGPE inoculation resulted in augmentation of leaf water potential by 32, 30 and 28% for BS9, P4 and P123 treatment respectively, in comparison to control. Similarly there was increase of 25.49, 23.52 and 21.56% in water potential in BS9, P4 and P123 inoculated plants respectively, under drought stress as compared to control (Fig. 3) .
PGPE inoculation and electrolyte leakage
Inoculation of tomato plants with BS9, P4 and P123 resulted in less electrolyte leakage, after exposing the tomato plants to drought and salinity stress conditions. The electrolyte leak was more significant in uninoculated plants rather than BS9, P4 and P123 inoculated tomato plants. The control plants had about 15.49 and 13.18% higher electrolyte leakage as compared to endophyte BS9 released from leaves tissues under salinity and drought conditions, respectively. In other words, we can say that the uninoculated plants faced extra membrane damage (more electrolyte leakage) as compared to the PGPE inoculated plants under stress (Fig. 4) .
PGPE and phytohormonal regulation
The regulation of plant endogenous phytohormone was also measured after PGPE application under abiotic stress. Results demonstrated that stress responsible ABA content in PGPE inoculated plants were appreciably lesser, as compared to the uninoculated plants. The uninoculated plants had approximately 44% higher ABA as compared to PGPE (P123) inoculation in NaCl 125 mM treatment. Same phenomenon was also observed in drought and salinity stress. Interestingly, the ABA amounts augmented under stresses in uninoculated plants, while this increment was not significant in PGPE inoculated plants. The ABA content in uninoculated plants were 56 and 181% higher in drought and salinity stresses, respectively, compared to the PGPE (BS9) inoculation. This implies the downregulation of ABA response during PGPE application (Fig. 5) .
In contrast to ABA, the endogenous SA amount was appreciably more in BS9, P4 and P123 treated plants in comparison to the uninoculated plants under no stresses or normal situations (Fig. 6) . The increase observed in PGPE (BS9) treatment was 55% higher than control. Similarly, in treated plants same tendency was also noted under stress conditions. This increase was 39.13 and 26.92% more than the uninoculated control during drought and salinity stresses, after applying PGPE (BS9) treatment. The results revealed that inoculation of PGPE resulted in upregulation of SA biosynthesis under normal and abiotic stress condition. Similarly, in another experiment, in case of gibberellin (GA 4 ) the PGPE treated plants demonstrated higher amount of endogenous GA 4 . During the process of salinity and abiotic stresses, the endogenous GA 4 was considerably more in PGPE inoculated plants in comparison to the uninoculated plants (Fig. 7) .
PGPE and oxidative stress enzymes
In tomato plants, before and after application of drought and salinity stresses, the content of antioxidant enzymes and total polyphenols was measured, with and without application of PGPE strains. The results demonstrated that CAT activity was marginally diminished in PGPE treated plants under normal or without stress conditions (Fig. 8) . Under drought conditions the control plant exhibited higher level of CAT activity compared to PGPE inoculated plants. This increment of CAT activity was almost two times higher in control plants in comparison to the PGPE treated plants under salinity stress. Almost comparable effect was also noted in case of PPO and POD functions. The PPO activity was appreciably diminished under stress conditions. The uninoculated plants had around 59.57-24.48% more activities under drought and salinity stress conditions in comparison to PGPE (BS 9) treated tomato plants (Fig. 9) . On the other hand, the POD activity was considerably more in PGPE treated plants under no stress conditions as compared to the control, though, this response was reverse under drought and salinity stresses conditions (Fig. 10) . Total polyphenols increment was observed in PGPE treatment under no stress conditions, though, after application of drought and salinity stresses the polyphenol contents reduced appreciably as compared to the treated tomato plants. The decreased level of enzymes related to oxidative stress advocate a low level of stress conveyed to the PGPE treated plants.
Discussion
Today main challenge for agro-ecosystems is to achieve higher produce of crop plants under scarcity of irrigation water. Microbes might play a vital role in delivering practical and feasible solutions. To achieve this, first we should comprehend and utilize their distinctive properties and methods should be developed to monitor their functioning. PGPE play a significant role in enhancing crop progress during tough climatic and growth conditions. From the present study, it was observed that endophytic strains (B. subtilis BS9, Pseudomonas sp. P4 and Pseudomonas sp. P123) have ameliorating influence on tomato plants progression under stress conditions. These endophytic bacteria increased the tomato plant growth during polyethylene glycol (PEG) and NaCl induced drought and salinity stress. Bacterial endophytes having plant growth promoting abilities, inhabit the plant tissues without initiating any symptoms of disease on the plants (Bacon and Hinton 2006) . The beneficial bacterial endophytes, thus exercise similar mechanisms as performed by the rhizospheric beneficial bacteria. These tactics include both approaches, indirect and direct, such as mineral phosphate solubilization (Verma et al. 2001) ; ammonia production (Marques et al. 2010) , nitrogen fixation (Compant et al. 2005b ), production of plant hormones (Costacurta and Vanderleyden 1995) and siderophore production (Jasim et al. 2014) . In supplement, production of antibiotic substances (Long et al. 2004) , and production of lytic enzymes (Chernin and Chet 2002; Bezerra et al. 2012; Vijayalakshmi et al. 2016) are two usual modes of plant growth promoting rhizobacteria (PGPR) based biocontrol (Joseph and Mini Priya 2011; Wang et al. 2009 ). In an interesting study, bacterial endophytes were isolated from the tomato plant roots (Anna et al. (2013) . These endophytic bacterial strains (Herbaspirillum seropedicae, Gluconacetobacter diazotrophicus, Azospirillum brasilense and Burkholderia ambifaria) enhanced the tomato plant growth and also helped in fixation of atmospheric nitrogen to upsurge resistance against host's pathogens under stress conditions. Inside plants, the higher level of salinity causes an imbalance of the ion flux. In the present study, results revealed that during application of salinity, the uninoculated plants had more sodium (Na + ) and reduced potassium (K + ), while PGPE treatment resulted in considerably diminished sodium (Na + ) and increased potassium (K + ) concentration. These results are also in accordance with studies of other workers (Zhang et al. 2008; Jasim et al. 2014) . The enhanced ionic flux can cause injury to the cell membranes of the plant and also influence the plant cell water potential (Yaish et al. 2015 (Yaish et al. , 2017 . The growth of plant is dependent on the leaf water, as drought and salt stresses might produce a water deficit conditions inside the plant tissues. Relative water content measurement signifies plant stress response (Gonzalez and Gonzalez-Vilar 2003) . The relative water content (RWC) of PGPE inoculated plants was observed to be higher compared to that of uninoculated plants during saline stress. Therefore, it shows that advantageous and useful association could challenge such abiotic stresses.
Our present outcomes are assenting to other studies (Lodewyckx et al. 2002; Halo et al. 2015; Lata et al. 2018) which advocate that the PGPE treated tomato plants not only overcome the salinity but also assist the plant to grow normally compared to the control plants. Application of saline stress to tomato plants resulted in substantial interruption in biomass development and growth promotion, which was also associated by threefold enhancement in lipid peroxidation and reduction in CAT, POD, PPO and glutathione activities. In contrast, single and dual treatment of endophytic bacteria Sphingomonas sp. LK11 and GA4 enhanced biomass production and plant growth whereas showed higher glutathione content and lower lipid peroxidation under saline stress (Halo et al. 2015) . In this experiment the authors have used GA 4 because, it also prolongs abiotic stress tolerance in the crop plants after salinity and drought exposure (Sziderics et al. 2007; Suárez et al. 2008) . Environmental abiotic stresses can also lead to greater discharge of electrolytes, such as potassium (K + ) ions. This is done by displacing membrane connected calcium (Ca) from plasma lemma, Fig. 9 Effect of salinity, drought stress, and PGPE application on the antioxidant enzyme PPO (UI uninoculated) Fig. 10 Effect of salinity, drought stress, and PGPE application on the antioxidant enzyme POD (UI uninoculated) and results in permeability of membrane and more electrolytes efflux inside damaged plant cell and tissues (Khan et al. 2012) .
The outcomes of this study have demonstrated that tomato plants treated with PGPE have lesser electrolytic amount as compared to the uninoculated plants under drought and salinity stresses. This signifies a lesser plasma membrane permeability which can mainly be credited to the stability and integrity of plant cell tissues caused by PGPE inoculation as compared to the without PGPE interactions. Similar results have also been demonstrated by other studies (Khan et al. 2012; Rho et al. 2018) . Therefore, efficient PGPE can be utilized as potential bioinoculants under salinity and osmotic stress conditions for optimum production of tomato crops leading to sustainable agriculture and food security.
